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doi:10.1016/j.pedneo.2011.08.008Background/Purpose: The outcome of extremely low birth weight (ELBW, 1000 g) infants has
recently been improved in Taiwan. However, their postdischarge anthropometry and develop-
ment have seldom been explored. We report these results for ELBW infants at corrected age of
2 years in a tertiary care center.
Methods: This descriptive and retrospective study enrolled ELBW infants discharged alive from
a tertiary care center from January 2004 to December 2007. A scheduled follow-up program up
to 2-year corrected age was tightly controlled by a case manager. Bayley Scales of Infant
Development-Second Edition, representing the mean  1 standard deviation as 100  15 in
normal population, was used to assess infants’ development. An index less than 70 was re-
garded as abnormal. Anthropometry, including body weight (BW), body length (BL), and head
circumference (HC), against the growth standard from the World Health Organization was as-
sessed. Growth delay was defined as growth parameters below the 10th percentile values.
Results: One hundred ELBW infants were enrolled. Eighty of them were discharged alive (80%
surviving), and their follow-up rates were 91% at 6 months, 90% at 12 months, and 83% at 24
months corrected ages. The 2-year survival rate was 75%. The percentages of delayed growth
in BW/BL/HC, presented as (male vs. female), were (33/41/37 vs. 38/25/45) at 6 months, (31/
31/50 vs. 41/22/37) at 12 months, and (39/36/54 vs. 26/29/38) at 24 months. The negative
means of the Z score for BW/BL/HC in both genders indicated ELBW infants had significant
growth delay compared with those of the normal population. The index of Bayley scales was
significantly lower in ELBW infants than that in normal population at each age. Male infants
had lower mental development index and psychomotor development index at 2 years
than females. About 61% of those with BW less than 750 g died or had neurodevelopmental
impairment.of Pediatrics, National Cheng Kung University Hospital, 138 Shengli Road, Tainan 70403, Taiwan.
u.edu.tw (C.-H. Lin).
an Pediatric Association. Published by Elsevier Taiwan LLC. All rights reserved.
Growth and development of ELBW infants 343Conclusion: ELBW infants have a high incidence of growth and developmental delay at cor-
rected age of 2 years, particularly in male infants or those with BW less than 750 g. This study
reveals that ELBW infants require well predischarge planning and postdischarge follow-up.
Copyright ª 2011, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.Table 1 Demographic data of extremely low birth weight
infants (nZ 100).
Demographic data n (%) or %
Gestational age (wk) 26 (22e34)
Birth weight (g) 772 (446e1000)
Inborn 69 (69)
M/F 41/59
5-min Apgar score <6 19 (19)
Antenatal corticosteroids 43 (43)
Cesarean delivery 39 (39)
Sepsis 41 (41)
Necrotizing enterocolitis II 1 (1)
Treated retinopathy of prematurity 14 (14)
Bronchopulmonary dysplasia
(moderate)
41 (41)
Any IVH 14 (14)
Grade III or IV IVH 5 (5)
Periventricular leukomalacia 3 (3)
Survival rate at discharge, % (total/M/F) 80/76/83
Overall survival rate at corrected
age 2 years, %
75
Data are expressed as n (%) or mean (range) or %.
IVHZ intraventricular hemorrhage; M/FZmale/female.1. Introduction
With the advancement of medical care, the outcome of
very low birth weight (VLBW) infants [body weight (BW)
1500 g or lower] has been improved recently.1e3 The clin-
ical outcome at discharge of Taiwan’s VLBW infants was
reported by Tsou and Tsao.4 However, there was no report
of the follow-up outcome of extremely low birth weight
(ELBW) infants (BW 1000 g or lower) in Taiwan.
For ELBW infants in Taiwan, the compliance of post-
discharge follow-up, anthropometry, and developmental
status have seldom been reported. Recently, a new chil-
dren’s growth standard for 0e5-year-old infants5 has been
released by the World Health Organization (WHO). The
Taiwan Bureau of Health Promotion, Department of Health
officially launched implementation of the new growth
standard on May 8, 2009. The growth profile of ELBW infants
based on this new growth standard is unknown in Taiwan
and therefore warrants further study.
Herein, we report the results of cohort follow-up of
growth and development of ELBW infants up to 2 years of
corrected age after their discharge from a tertiary care
center.
2. Materials and Methods
This was a retrospective cohort study of a group of ELBW
infants (BW 1000 g or lower) who were admitted to the
neonatal intensive care unit (NICU) of a tertiary medical
center between January 2004 and December 2007. All
infants were free of major congenital anomalies. Gesta-
tional age was determined by menstrual history, antenatal
ultrasound, or Ballard assessment. Perinatal data and
maternal histories were collected.
Intraventricular hemorrhage was graded by the Papile
classification, with Grades 3 and 4 defined as severe.
Necrotizing enterocolitis was defined as the presence of
intestinal intramural gas on X-ray film, perforation, or
surgical finding of necrosis plus clinical presentation. Sepsis
was confirmed by a positive blood culture. Moderate bron-
chopulmonary dysplasia was defined as the requirement of
oxygen at 36 weeks postmenstrual age. Treated retinopathy
of prematurity was defined as treatment with panretinal
photocoagulation performed by ophthalmologists.
After discharge, patients were followed up regularly at
the high-risk infants’ clinic until 2 years of corrected age. A
case manager routinely contacted parents of ELBW infants
and scheduled infants for visits at corrected age of 6
months 1 week, 12 months 1 week, and 24 months 1
week. A lost follow-up was defined as not returning to
follow-up clinic according to the schedule. The reasons for
a lost follow-up were obtained, except for those losses ofcontact. Measurement of growth was performed at the
follow-up clinic with standard procedure for head circum-
ference (HC), body length (BL), and BW. We used WHO
Anthro software for PC [World Health Organization,
Switzerland]6 downloaded from the WHO website to check
the percentile and Z score for each infants by matched
corrected age. The subnormal growth was defined as a BW,
BL, or HC less than the 10th percentile for gender-specific
corrected age using the WHO software.
Neurological examination and developmental outcome
of ELBW infants were assessed during the scheduled visits.
Hearing, visual function, and muscle tone were evaluated.
The developmental outcomes were assessed using Bayley
Scales of Infant Development-Second Edition (BSID-II) by
a single trained psychologist. Scores for mental develop-
ment index (MDI) and the psychomotor development index
(PDI) were collected. Neurodevelopmental impairment
(NDI)7 was defined as the presence of any of the following:
moderate-to-severe cerebral palsy (CP), hearing loss
requiring bilateral amplification, bilateral blindness, MDI
lower than 70; or PDI lower than 70.
Statistical analyses were performed using statistical
software SPSS Version 13 (SPSS, Inc., Chicago, IL, USA). We
used Chi-square test for comparison of categorical vari-
ables, Student t test for continuous variables, and the
Wilcoxon-Mann-Whitney U statistic for the level of signifi-
cance for ranking.
Table 2 Survival rate and neurodevelopmental outcome of extremely low birth weight infants at first 2 y of corrected age.
Survival rate and neurodevelopmental outcome Birth weight (g) Total
500 501e750 751e1000
Subgroup, n 5 33 62 100
Survivors at first hospitalization, (%) 2 (40) 21 (64) 57 (94)* 80 (80)
Survivors at 2 y corrected age, (%) 2 (40) 21 (64) 52 (86)* 75 (75)
NDI of survivors at 2 y corrected age, (%)y 1 (50) 7 (33) 4 (8) 12 (16)
Death or survived with NDI at 2 y corrected age, (% of total no.) 4 (80) 19 (58) 14 (23) 37 (37)
* Five cases died after discharge: two sudden death at home, two with severe bronchopulmonary dysplasia with pneumonia, and one
with severe intrauterine growth retardation suspected as unknown metabolic disorder.
y NDI included the presence of any of the following: moderate-to severe-cerebral palsy, mental development index less than 70,
psychomotor development index less than 70, blind in both eyes, or hearing loss requiring amplification in both ears.
NDIZ neurodevelopmental impairment.
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One hundred ELBW infants cared in the NICU between
January 1, 2004 and December 31, 2007 were enrolled and
followed up to corrected age of 2 years. Their demographic
and clinical outcomes at the first hospitalization are shown in
Table 1. Eighty infants were discharged alive, and the overall
survival rate was 80%. There were more female infants
among the survivals, but the survival rate of male (75.6%)
and female infants (83.1%) was not statistically different
(pZ 0.44). Of the infants discharged alive, five died before 1
year of corrected age, two had sudden death at home, and
one had severe failure to thrive of unknown cause and died
at 6 months of age. Two had pneumonia before 1 year of
corrected age. Therefore, the overall survival rate of ELBW
infants at 2 years of corrected age was 75%.
The follow-up rates at corrected ages of 6 months, 12
months, and 24 months were 90.7%, 89.3%, and 82.7%,
respectively. In the cases not coming back to the follow-up
clinic, the case manager reached them by telephone
interview. At 2 years of corrected age, the major reasons
for missed follow-up were parents’ refusal to return (nZ 4)
and failure to visit the clinic on schedule (nZ 6). Those
parents thought their children were healthy and did not
need to come back to clinic for checkup. Furthermore,
none of them had obvious NDI judged by the case manager
when interviewing the infants’ caregivers.
The survival rate and neurodevelopmental outcome in the
subgroups of ELBW infants (Table 2) revealed that once ELBWTable 3 The anthropometry of surviving extremely low birth w
Anthropometry
6 mo
Total follow-up, n (M/F) 68 (28/40)
Weight, kg (M/F) 6.9 1.1/6.5 0.9
Height, cm (M/F) 65.2 3.8/64.1 2.6
HC, cm (M/F) 41.9 2.1/41.0 1.6
Z-score in weight (M/F)* 1.30 1.57/1 1.21
Z-score in height (M/F)* 1.10 1.78/0.69 1.16
Z-score in HC (M/F)* 0.95 1.11/0.86 1.26
Data are expressed as mean 1 standard deviation.
* A p value<0.001, if compared with normal population by World H
HCZ head circumference; M/FZmale/female.infants were discharged from the first hospitalization, their
chance of survival at 2 year corrected age was high (94%) and
expectable. NDI of the surviving infants remained high if
their BW was less than 750 g (36%). Five infants died after
discharge, mainly in the group of BW 751e1000 g. The causes
of death were mainly related to cardiopulmonary disorders.
Twelve infants had NDI at corrected age of 2 years: 1 with
severe hearing impairment corrected with hearing devices, 1
with blindness and CP, 2 with severe visual impairment,
1 with hearing impairment and hypotonia, 3 with CP, and 4
with MDI lower than 70 or PDI lower than 70. It seems that the
mortality rate or incidence of NDI were high, particularly in
infants with BW less than 750 g (61%).
The ELBW infants’ anthropometry and their respective Z
scores during each follow-up are presented in Table 3.
There were no differences in growth profiles between male
and female infants. The means of the Z score for each
anthropometric parameter in the infants were all negative,
which indicated delayed growth when comparing with
normal population (p< 0.001). For each anthropometric
parameter, no differences were observed between the
male and female infants in this study at each corrected
age. However, the percentage of infants with subnormal
anthropometric parameters was higher in male infants at 2
years of corrected age. For the BW, the female infants had
a catch-up growth at 2 years old, while 39% of the male
infants remained subnormal. For BL, infants of both
genders did not show obvious catch-up pattern. The
percentage of the subnormal HC had increased over ages ineight infants at corrected ages of 6 mo, 12 mo, and 24 mo.
Follow-up age
12 mo 24 mo
67 (26/41) 62 (28/34)
8.5 1.1/8.1 1.18 10.7 1.8/10.7 1.5
73.7 4.0/72.9 2.6 85.1 5.2/84.9 3.2
44.5 1.6/43.7 1.8 46.5 2.3/45.9 1.8
1.15 1.14/0.94 1.16 1.16 1.51/0.67 1.16
0.85 1.69/0.43 1.04 0.93 1.07/0.47 1.00
1.21 1.31/0.86 1.26 1.48 1.92/0.86 1.32
ealth Organization standard.
Figure 1 Percentages of subnormal (defined as below 10th percentile in normal population) BW, BL, and HC in male and female
ELBW infants at 6 months, 12 months, and 24 months of corrected age. The subnormal growth was high in both genders at each
corrected age. BLZ body length; BWZ body weight; ELBWZ extremely low birth weight; HCZ head circumference.
Table 4 The MDI and PDI of surviving extremely low birth weight infants at each corrected age.
Bayley’s index Follow-up age
6 mo 12 mo 24 mo
Total follow-up, n (M/F) 68 (28/40) 67 (26/41) 62 (28/34)
MDI (M/F)* 83 11/87 9 90 9/89 8 80 15/89 14y
PDI (M/F)* 79 10/82 9 79 15/83 11 84 15/91 12y
* A p value<0.001: The means of the MDI or PDI of both genders were all significantly lower than that of the normal population.
y A p value<0.05: Male infants had lower MDI and PDI than female infants at 24 mo.
MDIZ Bayley’s mental development index; PDIZ Bayley’s psychomotor development index.
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Furthermore, more than a half of male infants (53.5%) had
subnormal HC at 2 years (Figure 1).
The means of the MDI or PDI of both genders were all
significantly lower than that of the normal populationFigure 2 Percentages of MDI and PDI less than 70 in surviving male
than 70, male ELBW infants tended to have higher percentage, bu
genders have MDI less than 70 at 12 months. For PDI less than 70, ma
at 12 months (p< 0.05). ELBWZ extremely low birth weight; MDI
motor development index.(p< 0.001) (Table 4). At 6 months and 12 months of age,
there were no significant differences in MDI or PDI between
male and female ELBW infants. However, male infants had
lower MDI and PDI than female infants at 24 months
(p< 0.05). Compared with female ELBW infants, there wasand female ELBW infants at 2 years corrected age. For MDI less
t not significantly, than the female infants. No infants of both
le ELBW infants had higher percentage than the female infants
Z Bayley’s mental development index; PDIZ Bayley’s psycho-
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(Figure 2A). No infants of both genders had MDI lower than
70 at 1 year. But male ELBW infants had higher percentage
of PDI lower than 70 (Figure 2B) than the female infants at
12 months (p< 0.05).4. Discussion
The survival rate of VLBW infants has improved during the
past decade, particularly in infants with ELBW.1e3 However,
the clinical outcome after discharge of Taiwanese VLBW
infants who were cared after 1996 has not been updated.4,8
Furthermore, no study focused on the follow-up outcome of
ELBW infants in Taiwan.4,9,10 In this study, we used the new
growth chart, released by WHO5 and currently formally
used in Taiwan,11 to assess to assess the growth of ELBW
infants discharged from our NICU. This is the first report of
the growth profile in ELBW infants in Taiwan based on the
WHO growth chart.
The overall survival rate of ELBW infants at first hospi-
talization between 2004 and 2007 was 80%. It is higher than
previously reported in Taiwan: 52% in 1988e1992,10 40% in
1993e1996,10 49.2% in 1996,4 48.8% in 1997e1998,9 and
55.2% in 1998e2000.9 Furthermore, this figure is also
comparable with the result (78.7%) of the Vermont Oxford
network12 in 1998e2003. In addition, the incidence of
major morbidities of ELBW, including NEC, treated reti-
nopathy of prematurity, severe intraventricular hemor-
rhage, and periventricular leukomalacia were not higher
than those reported by Vermont Oxford Network.12
This study maintained a follow-up rate of 82.7% by cor-
rected age of 2 years, similar to that (80%) from the Ver-
mont Oxford network.12 Five of 80 infants (6%) in this study
died within 2 years after discharge, and the mortality was
higher than that (1.39% of 6169 survivors) from the Vermont
Oxford network.12 Their causes of postdischarge death of
ELBW infants were seldom reviewed. Herein, we report the
causes for postdischarge death: sudden death at home (2),
pneumonia (2), and unknown metabolic disorder (1). This
implies that ELBW infants remain as a high-risk group after
discharge and require good predischarge planning and
postdischarge follow-up.
The follow-up rate decreased with increasing corrected
age. The causes of lost follow-up were variable. Few
reports have explored the reasons for those ELBW or VLBW
infants lost to follow-up or with poor follow-up compli-
ance.13 By telephone interview, we investigated the causes
for lost follow-up cases, except for the ones with lost
contact information, and found that none of the infants had
obvious NDI. All these parents reported that their children
were well and did not need to return to follow-up clinic
anymore. However, without complete assessment, we were
not sure whether these infants were well developed phys-
ically or mentally. It has been reported that those lost
follow-up cases were at risk for low general cognitive
index.14 Therefore, home visits or other approaches to
these patients may be an alternative in the future.
Our study was the first study in Taiwan using the new
WHO anthropometry calculator to assess growth parame-
ters for ELBW infants up to 2 years old. The Z score of the
body measurements showed a significant delay in BW, BL,and HC in these infants at each corrected age compared
with normal population. Although the differences between
male and female infants were not statistically significant,
we noted that the percentage of delayed growth in HC in
male infants increased over age. Head growth delay in early
stage has been reported as a sign for poor mental
outcomes.15,16 Compared with female infants, male ELBW
infants did have higher incidence of developmental delay.
The high incidence of growth delay of the ELBW infants
may be as a result of the unsuitability of applying this WHO
growth standard to ELBW infants in Taiwan and needs
further verification.
The incidence of NDI was 16% among the survivors,
including the presence of any of the following: moderate-to
severe-CP, hearing loss requiring bilateral amplification,
bilateral blindness, MDI lower than 70, or PDI lower than 70.
These rates are similar to those reported by Vermont
Oxford network.12
As expected, the mean MDI or PDI of both genders were
all significantly lower than those of the normal population.
According to one report,17 Taiwanese normal term infants’
Bayley’s mental and motor raw scores were lower than the
norms of the United States from age 6 months to 24 months
by the BSID-II. However, the percentages of MDI or PDI
lower than 70 in our study were better than those reported
by the Vermont Oxford network.12 Ours was a single-
institutional study and may not appropriately be
compared with the data of the network, which comprises
hundreds of NICUs representing heterogeneous groups of
care quality.
Although the growth parameters between male and
female infants were not different, male infants had lower
MDI and PDI than female infants at 24 months. Whether the
male ELBW infants are more susceptible to multiple
morbidities than females could be further analyzed.
5. Conclusion
As ELBW infants have a high incidence of growth and
developmental delay at 2 years of age, particularly in male
infants or those with BW less than 750 g, they require good
predischarge planning and postdischarge follow-up.
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